A retrospective observational cohort study was conducted using Medicaid administrative claims data from four states in the United States (US) to analyze overall and state-specific compliance and completion rates for rotavirus (RV) vaccines. Compliance was based on an infant receiving the recommended number of doses each within the appropriate time frame, and completion was based on an infant receiving the recommended number of doses over a recommended time period. Compliance and completion were defined separately for RV vaccines by package insert (PI) and Advisory Committee on Immunization Practices (ACIP) guidelines. Infants born between 1 May 2008 and 31 October 2011 in Florida, 31 July 2012 in Iowa and Kansas, and 30 April 2013 in Mississippi, and continuously enrolled in Medicaid with medical and pharmacy benefits for 8 months from birth were included. Study participants were assigned to cohorts based on type of RV vaccinations received within recommended vaccination windows. Using the PI guidelines, there were 658,219 eligible infants; 40% received no RV vaccines. The RV1 cohort had a significantly higher proportion of compliant infants compared to the RV5 cohort (54% vs. 25%; p <0.001). For infants initiating RV1, 55% completed both doses; for infants initiating RV5, 44% completed all three doses (p<0.001). Analysis by state and by ACIP guidelines yielded similar trends. Major predictors of compliance to RV vaccination were use of RV1 vaccine and DTaP vaccination completion. Increased awareness to the importance and timeliness of vaccination is needed.
Introduction
Prior to the availability of rotavirus (RV) vaccine in 2006, RV was responsible for more than 400,000 doctor visits, 200,000 emergency room visits, 55,000 to 70,000 hospitalizations, and 20 to 60 deaths each year among children in the United States (US) younger than five years. 1 Two RV vaccines are currently approved in the US: RotaTeq (RV5, Merck & Co, Inc.) was approved in February 2006 as a three-dose series, and Rotarix TM (RV1, GSK Vaccines) was approved in April 2008 as a two-dose series. The schedules from the 2009 Advisory Committee on Immunization Practices (ACIP) recommendation for routine RV vaccination and from the package insert (PI) for RV5 and RV1 appear in Table 1. 2 RV disease burden is higher among children covered by the Medicaid programs compared to those covered by commercial health plans. 3 Differences in vaccine compliance and completion between the two populations may contribute to this. Compliance and completion have also varied by vaccine type. In a recent study in commercial health plans in 2009, a significantly greater proportion of infants in the RV1 cohort completed the series and was compliant to both PI and ACIP recommended guidelines as compared to the RV5 cohort. 4 Similar findings were reported from another study among infants enrolled in a commercial health plan. 5 A study conducted in the Truven Health MarketScan MultiState Medicaid database from 2008 to 2012, using data from 10-13 anonymous states, demonstrated suboptimal compliance among enrolled infants. 6 Among those following the PI guidelines, compliance and completion were significantly higher for the RV1 cohort infants as compared to the RV5 cohort. Compliance and completion to ACIP guidelines were also significantly higher in the RV1 cohort.
Medicaid is the main public health insurance program for the low-income population in the US, covering 16% of the total US population for the years 2011-2012. 7 In June 2013, more than 28 million children were enrolled in Medicaid. 8 The US federally funded Vaccines for Children (VFC) program provides vaccines to Medicaid enrolled children at no cost. Under this program, the Center for Disease Control (CDC) acquires vaccines at a discount and distributes them to grantees across states who in turn distribute the vaccines to registered VFC providers at no cost. The Medicaid program pays the vaccine administration fee as well. 9 In order to be reimbursed, providers must bill the vaccine code, even though they will not be reimbursed for the vaccine itself, in addition to the appropriate administration code. 10 Medicaid and other public programs provide insurance to a significant proportion of children in the US, though the enrollment varies considerably by race: more than half of Hispanic and non-Hispanic Black children in the US are enrolled in Medicaid or another public program, and approximately one quarter of Asian and non-Hispanic White children in the US are enrolled in these programs. 11 There are also variations in Medicaid programs across states as states have the ability to expand Medicaid above what is required by the federal government. States may also have distinct guidelines on how care is delivered and how providers are reimbursed. These policy decisions along with variation in public service needs and the markets in which individual state programs operate can lead to variation in Medicaid programs by state. 12 The current study uses Medicaid databases from four states to estimate RV vaccination compliance and completion overall and by state as provision of Medicaid may vary by state. The current study also evaluates the proportion of unvaccinated infants and predictors of compliance to the PI dosing guidelines while adjusting for state.
Results

Analysis by PI guidelines
A total of 658,219 infants met the inclusion criteria; infants who received more than one brand of vaccine in the 32 weeks following birth were excluded from the analysis by PI guidelines according to the pre-established study cohort inclusion criteria. Approximately 7% of the study population had at least one claim for RV1 by 24 weeks of age (RV1 cohort; n D 47,766), and 52% had at least one claim for RV5 by 32 weeks of age (RV5 cohort; n D 345,191). Forty per cent had neither RV1 nor RV5 claims (None cohort; n D 265,262) ( Table 2) . Within each state, a higher proportion of infants were in the RV5 vs. RV1 cohort (Florida: 44% vs. 6%; Iowa: 56% vs. 7%; Kansas: 56% vs. 14%; Mississippi: 70% vs. 8%). Infants without RV1 or RV5 claims were 50% in Florida, 37% in Iowa, 29% in Kansas and 22% in Mississippi (state data not shown in tables). About 35% of the infants under fee-for-service (FFS) received no vaccination. Forty six per cent of Hispanic infants received no vaccination, whereas, 37% and 39% of White and Black infants, respectively, received none.
Of infants who received either RV1 or RV5, 29% were compliant, and compliance increased over time from 26% in 2008 to 32% in 2012 (Table 3) . Infants in the RV1 vs. RV5 cohort were significantly more compliant (54% vs. 25%; p < 0.001). Compliance for infants in the RV1 cohort increased from 45% in 2008 to 65% in 2012, while compliance in the RV5 cohort remained consistently around 25% throughout the years. A significantly higher proportion of infants in the RV5 vs. RV1 cohort were non-compliant with the first dose (19% vs. 3%; p < 0.001), but a slightly higher proportion of infants in the RV1 vs. RV5 cohort were noncompliant with the second dose (43% vs. 40%, p < 0.001). Iowa had the highest proportion of compliant infants (35%), followed by Kansas and Mississippi (33%) and then Florida (24%). The state-specific results also demonstrated that, for every state, the RV1 cohort had a higher proportion of compliant infants compared to the RV5 cohort (Florida: 40% vs. 22%; Iowa: 67% vs. 30%; Kansas: 61% vs. 25%; Mississippi 70% vs. 29%; p < 0.001 for all comparisons) (state data not shown in tables).
For the total study population, 45% of infants who received at least one RV vaccine completed all doses ( Table 3 ). The RV1 cohort had a significantly higher proportion of infants that completed all doses compared to the RV5 cohort (55% vs. 44%; p < 0.001). State-specific results were similar where 36% to 55% of infants who received at least one RV vaccine completed all doses, and the RV1 cohort had a significantly higher proportion of infants that completed all doses compared to the RV5 cohort (Florida: 40% vs. 36%; Iowa: 67% vs. 52%; Kansas: 61% vs. 44%; Mississippi: 70% vs. 54%; p < 0.001 for all comparisons) (state data not shown in tables). The proportion of infants who completed all doses increased from 46% in 2008 to 65% in 2012 for infants in the RV1 cohort. For the infants in the RV5 cohort, the proportion completing all doses was 44% or 45% in 2008 to 2012.
For all infants in the PI study population, 68% received at least one dose of diphtheria-tetanus-pertussis (DTaP) vaccination, and only 33% completed DTaP vaccination (Table 3 ). In both the RV1 and RV5 cohorts, 99% of infants received DTaP vaccination while the RV5 cohort had a slightly higher proportion of infants completing DTaP vaccination as compared to RV1 cohort (52% vs. 48%; p < 0.001). Table 4 presents results for the multivariate analysis evaluating predictors of compliance. Infants who completed Table 3 . Rotavirus vaccination compliance and completion per PI guidelines.
Compliance Infants fully compliant, n (%) 2 DTaP vaccine were 11.82 times more likely to be compliant as compared to those who did not complete DTaP vaccination (95% confidence interval [CI] 11.56, 12.08; p < 0.001). Infants with FFS vs. other/unknown insurance were 1.39 times more likely to be compliant (95% CI 1.37, 1.41; p < 0.001), and those attending non-pediatric vs. pediatric specialties were slightly less likely to be compliant (all p < 0.001). For each birth year, infants in the RV1 vs. RV5 cohort were approximately twice as likely to be compliant (all p < 0.001). Among the RV5 cohort, there was no trend for change in compliance over time. For the RV1 cohort, compliance increased over time; compared to those born in 2008, infants born in 2012 were 1.53 times more likely to be compliant (95% CI 1.45, 1.62; p < 0.001) (data not shown in table). There were some significant differences in compliance by race in some states as demonstrated by the race and state interaction terms in the model. Similar to overall results, the state-specific predictor analysis results also demonstrated significantly higher compliance in the RV1 vs. RV5 cohort; for each birth year, infants in the RV1 vs. RV5 cohort were 1.6 to 2.1 times as likely to be compliant in Florida, 2.3 to 2.6 times as likely in Iowa, 2.3 to 3.1 times as likely in Kansas and 2.3 to 2.6 times as likely in Mississippi. Consistent with the overall findings, for the RV1 cohort, infants born in later years vs. 2008 were more likely to be compliant (state data not shown in tables). 
Analysis by ACIP guidelines
Results for demographic characteristics in the analysis by ACIP guidelines were largely similar to those in the analysis by PI guidelines (Table 5) .
Of infants with at least one RV vaccine, 48% were compliant (Table 6) . Compliance was significantly different between RV1, RV5 and the Mixed cohort (57% vs. 46% vs. 55%, respectively; p < 0.001). Similarly, significant differences in compliance between RV1, RV5 and the Mixed cohorts within states were observed (Florida: 42% vs. 37% vs. 53%; Iowa: 71% vs. 55% vs. 56%; Kansas: 65% vs. 47% vs. 52%; Mississippi: 72% vs. 67% vs. 51%; p < 0.001 for all comparisons). For the total study population, 49% of infants who received at least one RV vaccine completed all doses. The proportion of infants that completed all doses increased from 47% in 2008 to 52% in 2012. The RV1 vs. RV5 cohort had a significantly higher proportion of infants that completed all doses (60% vs. 47%; p < 0.001) while 56% of infants in the Mixed cohort completed all doses. The state-specific results support the combined overall results. The RV1 vs. RV5 cohorts in each state had a significantly higher proportion of infants that completed all doses (Florida: 45% vs. 38%; Iowa: 74% vs. 56%; Kansas: 68% vs. 47%; Mississippi: 75% vs. 57%; p < 0.001 for all comparisons) (state data not shown in table).
Discussion
Approximately 40% of the infants in these analyses did not receive either of the RV vaccines. The proportion of unvaccinated infants ranged from 22% in Mississippi to 50% in Florida. Among those who received the vaccine, infants receiving RV1 were found to be significantly more compliant to both the PI and ACIP dosing schedules as compared to those receiving RV5. Among those who received the RV vaccine in the analysis by PI guidelines, 29% were compliant to the PI dosing schedule, and 45% of the infants completed the vaccination series. In the analysis by ACIP guidelines, 48% were compliant to the schedule, and a similar proportion completed the vaccination series. For both RV1 and RV5, there was decreased compliance with each subsequent dose in the series. The state specific analyses conducted in this study showed that there was greater compliance with RV1 vs. RV5 across all states, and that all states had relatively low completion and compliance to RV vaccination by ACIP and PI guidelines. Compliance to PI dosing schedule was lowest in Florida (24%) and highest in Iowa (35%). The estimates from the current study are similarly low to those reported in the Truven MarketScan Medicaid study where 43% did not receive either vaccine, and among infants who received the RV vaccine 43% were compliant and 53% completed the series according to PI guidelines. 6 This prior study, however, looked at aggregated data from 10-13 anonymous states and did not consider whether there were variations among states. The effect of decreased compliance or incomplete vaccination on vaccine effectiveness has been examined in recent studies and was not in the scope of the current study. 13, 14 The estimates for completing the vaccination series reported in the current study are lower than the recent US National Immunization Survey (NIS) estimates. According to the 2013 NIS, around 73% of the survey participants received either two doses of RV1 or three doses of RV5 vaccine. 15 The NIS reports completion in children aged 19-35 months whereas the current study's estimates are presented for strict vaccine completion by the end of the vaccination window which is 6-8 months old. Additionally, the NIS sample includes both Medicaid and commercially insured infant populations. Studies have shown that a large proportion of commercially insured infants complete the series. 4, 5 In the current study, infants in the RV1 cohort were significantly more likely to be compliant to the PI dosing schedule as compared to those in the RV5 cohort. These findings were consistent within each stratified state analysis as well. These findings corroborate those presented earlier in the Truven MarketScan Medicaid study and those among infants covered by commercial health plans. 4, 6 The simplified schedule of RV1 of only two doses compared to the three doses required by RV5 may contribute to the higher compliance levels. RV1 compliance was also found to increase with later calendar year while it remained steady for RV5. The increase in compliance with RV1 could partly be attributed to the increased uptake of RV1 in routine practice after its launch in 2008 and an increase in vaccine awareness. RV5 was approved in 2006 so any rapid increase in initial uptake would have happened by early 2008. 5 Similar to the Truven MarketScan Medicaid study, completion of DTaP vaccination was a significant predictor of compliance in the current study population. 6 Increasing the coverage of one vaccination has been shown to increase the coverage and timeliness of the receipt of other vaccines in children. 5, 16, 17 A recent study in Australia showed that the coverage for the third dose of DTaP vaccine increased after the availability of RV5. 19 Overall, infants attending a pediatric practice were more compliant as compared to the other provider specialties. Racial differences were also observed in compliance to the dosing schedule in the current study although the magnitudes of association between race and compliance were considerably smaller than other significant associations.
There are several limitations of this study. First, administrative claims databases were used for this study. The main purpose of an administrative claims database is for the reimbursement of services provided to the patients. The database may not capture detailed clinical information on all potential predictors and confounders. Second, procedure codes on medical claims were used for the identification of RV vaccine cohort. This may be subject to administrative errors (such as misclassifying RV1 for RV5 or vice versa) and omissions.
It is also important to note, as the study population consisted of infants enrolled in Medicaid programs in only four states, the findings of this study may be generalizable to populations of similar socioeconomic status only. Additionally, given the large sample size of this study, some results yielded statistically significant differences, despite the lack of meaningful differences. For example, even though a slightly higher proportion of infants in the RV1 vs. RV5 cohort were non-compliant with the second dose (43% vs. 40%, p < 0.001), this difference is not meaningful.
The current study which analyzed real-world data from four states' Medicaid programs demonstrated that a large proportion of infants did not receive any RV vaccination. Among those who received either RV vaccine, compliance and completion were low. A significantly higher proportion of infants receiving RV1 vs. RV5 vaccine was compliant and completed the series in the overall analysis as well as each individual state analysis. These findings cross-validate the results of a recent study by Krishnarajah et al. 6 and add to our understating of compliance and completion of RV vaccination within states. More public health efforts and communication programs, both to the general population and health care providers, are needed to reach the Healthy People 2020 target coverage of 80% for RV vaccination in the US. 9 
Methods
Data source
This study (GSK ID: HO-14-14379) was a retrospective observational cohort study conducted using Medicaid administrative healthcare claims data. The researchers have applied to over 30 US states for de-identified claims databases in support of Health Economics and Outcomes Research. Four states provided data that met conditions necessary for the present study. This database reflects the healthcare service use of approximately 12.7 million individuals. The medical and pharmacy claims and the enrollment data for any Medicaid beneficiaries eligible from 1 May 2008 through June 2012 in Florida, through March 2013 in Iowa and Kansas, and December 2013 in Mississippi were used; the end date for data inclusion varied by state depending on how recently updated data were provided to the researchers. The database contains the pooled healthcare experience of enrollees covered under FFS and other or unknown plans. The type of insurance is important to note because a claim may be more likely to be filed under FFS compared to other insurance types, as opposed to a real difference in insurance types. The database includes demographic and healthcare resource utilization data. Data on eligibility (by month) and service and provider types are also included.
Participant selection
Study participants included infants who were born between 1 May 2008 and 31 October 2011 in Florida, 31 July 2012 in Iowa and Kansas, and 30 April 2013 in Mississippi, and were continuously enrolled in the Medicaid program with medical and pharmacy benefits for at least eight months from birth. A gap of one month in eligibility immediately after birth was allowed as newborns may not be enrolled in Medicaid immediately. Infants with claims for RV1 or RV5 by 6 weeks of age and no additional claims for either in the 8 months following birth were excluded.
Study cohorts
Infants were assigned to study cohorts for the analysis of RV vaccine compliance and completion by PI and ACIP guidelines. For the analysis by PI guidelines, cohorts included: RV1, Infants who received 1 dose of RV1 vaccine (identified by Current Procedural Terminology [CPT] code 90681) by 24 weeks of age; RV5, Infants who received 1 dose of RV5 vaccine (identified by CPT code 90680) by 32 weeks of age; None, Infants who did not receive either RV1 or RV5 before the maximum age. Infants who received more than one brand of vaccine in the 32 weeks following birth were excluded from the analysis by PI guidelines. For the analysis by ACIP guidelines, cohorts included the following according to vaccination by 8 months of age: RV1, Infants who received 1 dose of RV1 vaccine; RV5, Infants who received 1 dose of RV5 vaccine; Mixed, Infants who received both RV1 and RV5 vaccines; None, Infants who did not receive either RV1 or RV5 vaccine.
Study outcomes
Compliance was defined separately in each analysis based on receipt of vaccination in accordance with dosing schedules and recommended intervals between doses (Table 1) . For the analysis by PI guidelines, completion was defined as receipt of two doses of RV1 by 24 weeks of age (RV1 cohort) or three doses of RV5 by 32 weeks of age (RV5 cohort). For the analysis by ACIP guidelines, completion required two doses of RV1 (RV1 cohort), three doses of RV5 (RV5 cohort), or three doses of RV1/RV5 (Mixed cohort) by 8 months after birth. For analyses by both guidelines, the proportion of infants completing the vaccination series was calculated for RV1 and RV5 cohorts separately, for all infants receiving at least one vaccine, and for all infants included in the study (vaccinated and unvaccinated). Vaccines administered prior to 6 weeks of age did not count toward completion. Timing of non-compliance (i.e. before or after recommend interval) was not analyzed.
Statistical analyses
Baseline demographic characteristics were summarized for the cohorts in the analyses by PI and ACIP guidelines. Descriptive statistics included frequency and proportion for the categorical variables. Statistically significant differences between various groups were assessed by chi-square tests for categorical variables.
To determine major predictors of compliance for RV vaccination in the analysis by PI guidelines, a modified Poisson regression model with a log link function was used. 18, 19 This modified approach, which is used to study binary outcomes, presents estimates as relative risks (RRs). When a Poisson regression is applied to binary outcomes, the error for the estimated RR is overestimated. This modified approach uses a robust error variance to correctly estimate the standard errors for the RR. The primary predictors of interest were RV vaccine type, birth year, and an interaction between vaccine type and birth year. Other predictors, which were adapted from similar models in prior publications, 4, 6 included sex, race, state, health insurance type, provider specialty, and completion of DTaP vaccination which was defined as the receipt of three doses of DTaP in the 8 months following birth. An interaction term for race and state was also included. All results were presented as RRs with 95% CIs.
Significance tests were two-sided and differences were considered significant at p<0.05. Statistical analyses were performed using SAS, version 9.3 software (SAS Institute Inc., Cary, NC, USA).
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